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In the preceding article,” the author, in cooperation with H. Sudzuki, 
reported the formation of disinomenine and ¢-disinomenine by the mild 
oxidation of sinomenine, and put forward the view that the isomerism of 
these two alkaloids might be due to the difference of the constitution of the 
third nucleus of phenanthrene, namely, to the difference of the linking 
position of the ethanamine group. It is of some interest, therefore, to see 
whether these two bimolecular alkaloids would give, on reduction, the same 
hydrogenated substance or not. The results of hydrogenation were the 
production of two different bimolecular substances, tetrahydro-disinomenine 
and tetrahydro--disinomenine, which are characterised by the following 
properties. 

Tetrahydro- Tetrahydro- 
disinomenine Y-disinomenine 

M. p. of free base 247°-252° (dec.) 271° (dec.) 

M. p. of hydrochloride... . >295° not crystalline 

Solubility of __,, <n * ca. 10% oo 

Form of iis .’. . . hexagonal plates 

M. p. of methiodide 275° (dec.) 285° (dec.) 

M. p. of oxim 227° 242° (dec.) 

M. p. of semicarbazone .. . > 290° > 290° 

[4]p +264°.41 + 167° 

Diazo reaction 50,000 25,000 

K;Fe(CN). reaction 500,000 500,000 

Formalin-sulphuric Acid . . . weakly pink faintly yellow 


Tetrahydro-disinomenine and tetrahydro-¢-disinomenine can also be 
obtained from dihydrosinomenine by mild oxidation with silver nitrate or 
potassium ferricyanide. And these two bases can easily be separated by 
alcohol, for tetrahydro--disinomenine is very difficultly soluble even in 
boiling alcohol. The tetrahydro-disinomenine can be purified through its 
hydrochloride, which crystallises well in hexagonal plates. 

It is interesting to note that the colour reaction of disinomenine (pink) 
and ¢/-disinomenine (brownish yellow) when dissolved in formaldehyde sul- 
phuric acid is retained in the tetrahydro-derivatives in a diminished degree, 


(1) This Bulletin, 4 (1929), 107. 
(2) Compare Kondo and Ochiai, J. pharm. Soc. Japan, 549 (1927), 124 (in German). 
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whilst that of hydrosinomenine (yellow, green, then blue with red fluores- 
cence) is quite lost. 

That in these two tetrahydro-derivatives, the original linking of two 
sinomenine molecules found in disinomenine and ¢-disinomenine, as was 
proved in Part I, must be remained untouched, is shown quite clearly from 
the decrease of the diazoreaction in these two alkaloids compared with 
sinomenine and hydrosinomenine. The fact that disinomenine and ¢-disino- 
menine give rise to two different tetrahydro-derivatives, seems to enforce 
the author’s view regarding to the isomerism of the two alkaloids, given at 
the beginning of this article, since otherwise they might have given in all 
probability the identical tetrahydro-derivative in the same method of reduc- 
tion. But, the final elucidation would be given only when these two alkaloid 
were decomposed into phenanthrene derivatives with side chain attaching 
to different position. 

The mild oxidation and reduction of sinomenine are thus summarised 
in the following. 


Sinomenine Disinomenine + ¢-disinomenine 
CisHaxNO, AgNO; or K;Fe(CN)« ” (CigH22NOx)2 (CigH22NOx)2 
m. p. 159° (—) m. p. 222° (+) wm. p. 229° (—) 

PdCl, +H, | PdCl, +H, 


v v 
_ Hydro- Tetrahydro- + Tetrahydro- 
sinomenine disinomenine ¢-disinomenine 


CigHosNO, AgNO; or K:Fe(CN)s (CigHauNO,)o (CigH2s4NO,)o 
m. p. 202° (+) dec. p. 252° (+) dec. p. 271° (+) 


Wave number. 


3500 = 4000 4500 


Thickness corresponds to the liquid 
of 0.0001 normal in mm. 


Logarithm of the thickness of the 
liquid layer 


Tetrahydrodisinomenin 
Tetrahydro-y-disinomenin 
Hydrosinomenin 
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Absorption curves show very little difference in these two alkaloid, as seen 
from the annexed diagram. 

The author expects to decompose these two alkaloids for the purpose of 
deciding the constitution. 


Experimental. 


Tetrahydro-disinomenine. Disinomenine hydrochloride (1.7 gr.) was 
shaken in an aqueous solution (100 c¢.c.) with 100 c.c. colloidal palladium 
(0.1 gr.+0.1 gr. gummi arabic) in hydrogen atmosphere (absorbed, 125 c.c. 
in one hour.) Tetrahydro-derivative was isolated in a usual way and re- 
crystallised from alcohol. Prisms of m. p. 252°; yield 1.1gr. With natu- 
rally occurring disinomenine, the same result was obtained. 


Anal. Found: C=68.75; H=7.69; N=4.68%. Cale. for (CjgH:sNO,).: C=69.09 ; 
H=7.27; N=4.24%. 
Mol. wt. Found (in glacial acetic acid): 714 (suspected to be associated slightly). 


Cale. : 660. 
Methiodide : m. p. >275°. (Found: I=27.638%. Cale.: I1=26.91%). 
Oxim: m. p. 227°, dec. p. 245°. (Found: N=8.06%. Cale. for dioxim: N=8.11%). 


Tetrahydro-¢-disinomenine. ¢-Disinomenine (1.6 gr.) was reduced in 
the same way as above and 0.9gr. tetrahydro--disinomenine was isolated. 


Long needles of dec. p. 271°. [a]}=+167°. Difficultly soluble in ordinary 
organic solvents (0.13% in cold acetone; 1% in hot chloroform). The hydro- 
chloride is not obtained in crystalline form. 


Anal. Found: C=68.16; H=7.45; N=4.25%. Cale. for (C,sH2,NO,).: C=69.09; 
H =7.27; N=4.24%. 

Mol. wt. Found (in glacial acetic acid): 753 (a slight association is suspected). 
Cale. : 660. 

Methiodide : m. p. 285° (dec.). (Found: I=28.23%. Cale.: 1=26.90%). 

Oxim: m. p. 242° (dec.). (Found: N=6.53%. Cale.: N=8.11%). 


Linking of Dihydrosinomenine by Mild Oxidation. 


With alkaline ferri-cyanide solution. To the solution of hydrosino- 
menine (9.5 gr. in 450 c.c. of 0.383% hydrochloric acid) potassium ferri-cyanide 
solution (9.5 gr. in 300¢.c. water) was added, followed by 150 c.c. of saturated 
soda solution. The bases were extracted with a large amount of chloroform 
and the residue of chloroform was boiled out with alcohol (60c.c.). The 
insoluble part is tetrahydro-/-disinomeninefyield, 4.2 gr.; ca 45%). The 
soluble part was purified through its hydrochloride (yield, 1.2 gr.; ca 15%). 
The remainder was not crystallisable. 
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With silver nitrate. Hydrosinomenin (3 gr.) was dissolved in alcohol 
(50 e.c.) and water (200 c.c.) and was added with silver nitrate (1.5 gr.) in an 
aqueous solution (200 c.c.). After several minutes, the brine was added to 
the mixture (almost no precipitation) and then made alkaline with sodium 
carbonate solution. The treatment hereafter was carried out as in the 
preceding experiment. Yield: Tetrahydro--disinomenine (1.4gr.; ca. 
48%) and tetrahydro-disinomenine hydrochloride (1.0 gr. ; ca. 30%). 

Department of Chemotherapy, 
Kitasato Institute, Tokyo. 
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Introduction. The present research was undertaken with an expecta- 
tion that the oxidation of the mixture of sodium sulphite and ferrous 


hydroxide in sodium hydroxide solution in a vessel will be an example of 
negative induced reaction favourable to the author’s theory,” in connection 
with the former study on the oxidation of the mixture of sodium sulphite 
and stannous hydroxide in sodium hydroxide™ solution or in sodium carbo- 
nate® solution by air, which was found to be a kind of negative induced 
reaction. 


A Theory of Negative Induced Reaction. When two independent 
chemical reactions take place simultaneously in a same vessel, sometimes 
the primary reaction has an accelerating or an inhibiting action on the 
secondary reaction. In the former case, the phenomenon is usually called 
induced reaction, and in the latter case, it will be probable to be called 
negative induced reaction. 

According to the modern theory of the kinetics of chemical reaction, 
the velocity of a reaction is accelerated by the appropriate activation of the 
molecules of the reacting substances. It is then quite probable to consider 


(1) S. Miyamoto, Sci. Papers Inst. Phys. Chem. Research, 4 (1926), 259. 
(2) “ee ise this Bulletin, 2 (1927), 191; Sci. Papers Inst. Phys. Chem. Research, 7 


(3) S. Miyamoto, this Bulletin, 3 (1928), 95; Sei. Papers Inst. Phys. Chem. Research, 8 
(1928), 237. 
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that the phenomenon, called induced reaction, is no other than the activating 
action of the primary reaction, which can proceed by itself, on the molecules 
of the reacting substances of the secondary reaction, whose own reaction 
velocity is extremely small. 

Various kinds of possible activating processes can be considered. It 
was proposed by the author,” that the direct transference of the appropriate 
active states of the reaction products of the primary reaction to the mole- 
cules of the reacting substances of the secondary reaction can be regarded 
as one of the possible processes of activation at least for some induced 
reactions. 

The phenomenon, called negative induced reaction, can be considered 
to be the reverse process. In this case, the active states of the molecules 
of the reacting substances of the secondary reaction; already activated, lose 
their activity, before they react each other, by some means in the presence 
_ of the primary reaction. 

The direct transference of active states will also be one of the possible 
mechanisms for this phenomenon. According to this consideration, the 
existence of three kinds of negative induced reactions can be considered. 
The active states of the molecules of the reacting substances of the 
secondary reaction can transfer firstly to the molecules of the reacting 
substances, secondly to the molecules of the reaction products and thirdly 
to the molecules of both of: the reacting substances and reaction products of 
the primary reaction. It should be considered that the direct transference 
of active states depends upon the mutual specific nature of the colliding 
molecules. Then the negative induced reaction of the third kind will 
scarcely occur in the actual case. 

In the case of the negative induced reaction of the first kind, the 
velocity of the secondary reaction will be very small at the beginning, and 
increase with time as the concentration of the reacting substances of the 
primary reaction decreases. 

In the case of the negative induced reaction of the second kind, the 
velocity of the secondary reaction will not be small at the beginning, but 
decreases with time as the concentration of the reaction products of the 
primary reaction increases. Then in this case, the phenomenon can be re- 
garded as the negative catalytic action of some of the reaction products of 
the primary reaction, whose concentrations increase with time. 

The oxidation of the mixture of sodium sulphite and stannous hydroxide 
in sodium hydroxide® or in sodium carbonate solution by means of air was 


(1) S. Miyamoto, Sci. Papers Inst. Phys. Chem. Research, 4 (1926), 259. 
(2) Loe. cit. 
(3) Loe. cit. 
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found to be an example of negative induced reaction of the first kind. The 
inhibiting action of the oxidation of stannous hydroxide on the oxidation of 
sodium sulphite, and the increase of the oxidation velocity of the mixture in 
sodium hydroxide solution with the suitable elapse of time, when the initial 
concentration of stannous hydroxide is small, are the principal evidences 
that it is the negative induced reaction of the second kind. 

With the expectation that the oxidation of the mixture of sodium sul- 
phite and ferrous hydroxide in sodium hydroxide solution by means of air 
will also be the same kind of phenomenon, the present research was under- 
taken. Favourable result to the author’s theory, above described, was 
obtained. The oxidation velocity of the mixture was found to be an 
example of negative induced reaction of the second kind. 

The oxidation velocity of ferrous hydroxide” or sodium sulphite® in 
sodium hydroxide solution by means of air was already studied under certain 
conditions. They are considerably great and the observed oxidation velocity 
of each shows the dissolution velocity of oxygen into the solution. In the 
present research, the mixture was treated under the same conditions, and 
the rate of the oxidation of sodium sulphite alone was observed. The 
experimental results, which will be given in the later, show that it is a 
negative induced reaction of the second kind, the oxidation of ferrous 
hydroxide and that of sodium sulphite being considered as the primary and 
the secondary reactions respectively. It was unnecessary for the present 
purpose to observe the oxidation velocity of ferrous hydroxide in the 
mixture, which will be expressed by 


(The oxidation velocity of Fe(OH)2 in the mixture) < 
(The dissolution velocity of oxygen)—(The oxidation velocity of Na.SO, 
in the mixture). 


Experimental. 


The experimental procedure was almost the same as that employed in 
the previous studies.” 

A large test tube (diameter *.3cm.) was used for the reacting vessel, 
the total volume of the mixture being made to 40c.c. in each case. After 
t—minutes, the air current, which was passed into the mixture through a 
glass tube (inside diameter *-. 4 mm., outside diameter *-: 6 mm.) after being 
washed by acidic solution of potassium bichromate and sodium hydroxide 


(1) S. Miyamoto, this Bulletin, 3 (1928), 137; Sci. Papers Inst. Phys. Chem. Research, 9 
(1928), 203. 

(2) S. Miyamoto, this Bulletin, 2 (1927), 74; Sci. Papers Inst. Phys. Chem. Research, 7 
(1927), 40. 

(83) Loe. cit. 
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solution, was stopped, and the total amount of the mixture was quickly 
filtered and washed under reduced pressure into a known amount of iodine 
solution, acidified with hydrochloric acid. The excess of iodine was titrated 
back by means of sodium thiosulphate solution. In the following tables, v 
is the volume of sodium thiosulphate solution of 0.0996 normal, equivalent 
to the quantity of sodium sulphite, remained in the mixture after the 
t—minutes passage of air. The amount of ferrous hydroxide, initially 
present in the mixture, was determined separately by the titration by 
means of 0.1000 normal solution of potassium permanganate, the values of 
Vo recon), in the following tables being the volume of potassium permanga- 
nate solution, equivalent to the amount of ferrous hydroxide, present in 
the mixture at t=0. 

Thus the oxidation velocity of sodium sulphite in the mixture was only 
observed. The results were quite sufficient for the present purpose, above 
descrived. 


Table 1. 


Temp. =20°C. Cyaon = 9.2000 normal 
Air=7.78 litres per hour. 


Vow — v/( =v» —0.260 t) 
’ Fe(OH), (Na,SO,) (Na,SO,) 


c.¢c. in. c.c. c.c. 


10.90 13.69 — 
12.41 11.09 
12.21 5.89 
12.02 _ 


13.90 — 
12.94 11.30 
12.47 6.10 
12.13 - 


10.86 
5.66 


6.93 
1.73 


16.11 
10.91 
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Table 1. (continued) 


“Ore(OH), 


c.c. 


0.022 


Temp. =20°C. 


”(Na,SO,) 


c.c,. 


13.15 
11.83 
11.55 
11.50 


22.00 
21.18 
21.00 
20.06 


13.37 
12.26 
12.11 
11.79 


12.59 
9.90 


Cnaon= 0.4670 normal. 


Air=7.78 litres per hour. 


“ONe(OH), 
c.c. 


12.23 


t 


v 
(Na,S¢ ).) 
c.c. 


12.96 
11.80 
11.72 
11.63 


18.84 
17.02 
16.85 
16.77 


v/( =v) —0.260 t) 
(Na,SO,) 
c.c. 


10.55 
6.65 
0.15 


19.40 
15.50 


10.77 
6.87 


v! = (V9 —0.234 t) 


(Na, SC ).) 
c.c. 


8.28 
3.60 


13.93 
9.48 
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Table 2. (continued) 


v! =(vo - 0.234 t) 
(Na,SO.) 
c.c. c.c. c.c. 


9, 
“0ve(OH), ?(Na,SO,) 


2.45 20.69 — 
19.18 16.01 
19.03 11.33 
18.68 — 


8.13 . 
6.19 3.45 
6.09 

6.05 - 


10.44 : 
6.47 5.76 
5.42 1.08 
4.87 


0.050 14.70 res 

10.42 10.02 
8.74 5.34 
7.42 _ 


0.025 16.81 _ 
13.32 12.13 
12.63 7.45 
11.46 — 





aes 


% Fe(om = 5.45 c.c. 


























© Cyon= 92-2000 N. 


OD Cryron= 0.4670 N. 





2, ee 


30 60 90 /20 


As is shown in Table 1 and 2, the oxidation velocity of sodium sulphite 
in the presence of ferrous hydroxide by means of air decreases rapidly with 
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time; a few of the results being graphically shown in the accompanying 
figure. The values of v’, given in the last column of the tables are calcu- 
lated by an equation, 
v’ = % — kt, 

k being the velocity constant of the oxidation of sodium sulphite™ in the 
absence of ferrous hydroxide, obtained in the previous study. When the 
initial concentration of ferrous hydroxide is very small, the values of v and 
v’ are almost the same at the beginning ; that is, sodium hydroxide oxidizes 
in the first stage almost at the same velocity as it is oxidized alone, but the 
velocity decreases gradually with time. It is not diminished so rapidly as 
in the other cases, since ferric hydroxide is formed at a very slow rate, 
when the initial concentration of ferrous hydroxide is very small. 

The experimental results show that it is an example of negative induced 
reaction of the second kind, and the direct transference of the active states 
of the molecules of sodium sulphite to the molecules of ferric hydroxide, 
the reaction product of the primary reaction, will be one of the proper 
interpretations for this phenomenon. 


The Effect of Ferric Hydroxide. The observed results on the oxidation 
of the mixture, an example of negative induced reaction of the second kind, 
should be considered to be the negative catalytic action of ferric hydroxide, 
according to the theory, above described. To ascertain this consideration, 
the oxidation velocity of sodium sulphite in the presence of ferric hydroxide 
was studied under the same conditions, quite the same way as was above 
described. The amount of ferric hydroxide was determined by the usual 
method of iodometry, the value of Yop eox), in Table 3 and 4 being the 


volume of sodium thiosulphate solution of 0.0996 normal, equivalent to the 
amount of ferric hydroxide, present in the reacting mixture. 


Table 3. 
Temp. =20°C. Cynaon = 0.2000 normal. 
Air=7.78 litres per hour. 
t | v/(=v9)—0.260 t) 


0 Fe(OH), ” (Na,SO,) | (Na,SO,) 
c.c. in. CC. c.c. 


10.65 12.86 — 
| 12.59 10.26 
12.50 5.06 
12.35 - 





(1) Loe. cit. 
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Table 3. (continued) 


” v v/ (= V_) —0.260 t) 
° Fe(OH), (Na,SO,) (Na,SO,) 
c.c. in. c.c. C.c. 


4.26 13.77 _ 
13.44 11.17 
13.31 5.97 
13.27 — 


19.01 _ 
18.48 16.41 
18.40 11.21 
18.33 _ 


17.43 _ 
16.94 14.83 
16.73 9.63 
16.72 _ 


9.32 
8.82 


0.213 


0.210 


13.25 
8.05 


0.085 | a 
10.46 
5.26 


0.043 : 
10.90 


0.021 
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Table 4, 


Temp. = 20°C. Cnaou = 0.4670 normal. 
Air.=7.78 litres per hour. 


}) | ) / —(9);. —() 924 
?0Fe(OH), °(Na,SO,) v ago 


c.c. in. c.c. c.c. 


13.20 16.92 — 
16.62 13.41 
16.58 6.39 
16.58 — 


16.50 _ 
16.29 11.82 
16.29 7.14 
16.25 _ 











15.90 _ 
15.77 11.22 
15.70 6.54 
15.60 oa 


12.88 see 
12.84 8.20 
12.68 3.52 
12.66 — 





11.70 — 
11.60 7.02 
11.57 2.34 
11.41 — 


19.66 ~_ 

19.46 14.98 
40 19.43 10.30 

120 19.27 = 


0.053 0 10.00 -_ 
20 9.54 5.32 
40 9.41 0.64 

120 9.19 _ 





0.026 0 16.69 _ 
20 15.88 12.01 
40 15.62 7.33 

120 15.36 _ 














As was shown in the Tables a favourable result to the author’s con- 
siderations was obtained : the oxidation velocity of sodium sulphite in the 
presence of ferric hydroxide is very small. 


The Effect of Sodium Sulphate. Though it is almost certain that 
sodium sulphate formed by the oxidation of sodium sulphite has a negligible 
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effect on the oxidation velocity of sodium sulphite under the conditions of 
the author’s measurements by the previous studies, it was ascertained by 
measuring the oxidation velocity in the presence of a considerable amount 
of sodium sulphate. 

Vona.so, in Table 5 is the volume of 0.1000 normal solution of sodium 


sulphate initially present in the mixture. 


Table 5. 


Temp.=20°C. Cyaon = 9.2000 normal. 
Air=7.78 litres per hour. 


“0 Fe(OH), ”0 Fe(OH), "ONa,SO, ws 


c.c. c.c. c.c. i c.c. 


2.30 _ 10.00 12.77 
11.63 
11.52 
11.23 


12.49 
10.16 

25 9.27 
120 7.86 





0.085 10.00 0 14.79 
10 14.06 
30 13.63 

120 13.32 | 














By comparing Table 5 and Table 1—4, it will be seen that sodium sul- 
phate has no appreciable effect on the oxidation velocity of sodium sulphite, 

The experimental error of the present measurements is considerably 
great owing to the slowness of the reaction velocity, and it will be of no use 
to try to obtain any quantitative relation from the values, given in the 
tables. 


Summary. 


1. A theory of negative induced reaction was proposed. Three kinds 
of negative induced reactions was considered according to the proposed 
theory. The oxidation of the mixture of stannous hydroxide and sodium 
sulphite in sodium hydroxide or in sodium carbonate solution by means of 
air, the results of which being already reported in the previous papers, can 
be regarded as an example of negative induced reaction of the first kind, 
and the oxidation of the mixture of ferrous hydroxide and sodium sulphite 
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in sodium hydroxide solution, here reported, as an example of negative 
induced reaction of the second kind. 

2. The oxidation of the mixture of sodium sulphite and ferrous hy- 
droxide in sodium hydroxide solution by means of air was studied, with an 
expectation, that it will give an example of negative induced reaction. The 
oxidation velocity of sodium sulphite in the mixture was only measured, 
which was sufficient for the present purpose. The velocity decreases rapid- 
ly with time, and the result was interpreted as a negative induced reaction 
of the second kind. 

3. To ascertain that the decrease of the observed oxidation velocity of 
sodium sulphite in the mixture is due to the formation of ferric hydroxide, 
the reaction product of the primary reaction, the oxidation velocity of 
sodium sulphite in the presence of ferric hydroxide was studied under the 
same conditions. The expectation was fulfilled. 


The Institute of Physical and Chemical 
Research, Hongo, Tokyo. 
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Introduction. The cause of the well known fact that organic sub- 
stances containing one or more asymmetric carbon atoms in their molecules 
occur in the nature always in optically active forms, while the same sub- 
stances synthesised in vitro are of racemic compounds, has long been 
discussed and various experiments, physical as well as chemical, have been 
attempted”* for the purpose of finding any reasonable theory on this 
subject. Notwithstanding those efforts, we are not able, up to the present 
time, to arrive to a conclusion which will definitively explain this funda- 
mental fact in the nature. 

On the other hand, we are acquainted with many examples of such 
facts that certain organic ferments extracted from living bodies act selec- 
tively upon racemic compounds, that is to say, either d- or /-form of the 


(1) Compare Byk, Z. physik. Chem., 49 (1904), 641; Ber., 37 (1904), 696; and Bredig: 
Ueber absoluter asymmetrische Synthese, Z. angew. Chem., No. 62 (1923). 
* The asymmetric syntheses which were attempted on the standpoint of pure synthetic 
chemistry without any biochemical consideration have often been succeeded by Marck- 
wald, Mckenzie and others. 
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latter substances is attacked more easily than the other by ferments: for 
example, pancreas extracts act upon d, /-tyrosine ethyl ester, decomposing 
the l-form of this compound more quickly than the d-form™; pancreatine 
hydrolyses only J-form of carboethoxyl-glycyl-d, /-leucine® and intestinal 
erepsine decomposes asymmetrically d, l-leucy] tyrosine® and so on. It 
appears, therefore, to be quite logical to conclude that the syntheses in living 
bodies are asymmetric by the reason that they are carried out by ferments 
which are themselves asymmetrically constructed. 

But it will soon be found that this explanation is by no means conclu- 
sive, because there is, up to the present time, no experimental evidence as 
to the assimmetricity of nuclear molecules (or active centre) of ferments. 

One of the present authors, Yuji Shibata together with Keita Shibata 
has found some years ago an interesting phenomenon exhibited by some 
metallic complex salts: it deals with namely the oxidase-like oxidising 
actions which differ entirely from the oxidation of the electrochemical 
nature shown often by stannic- or ferric salts. A series of investigations 
on this subject executed by Y. and K. Shibata and their collaborators” have 
proved that those oxidation reactions carried out by some metallic complex 
salts must be regarded to have a catalytic nature and resemble closely to 
enzyme actions from the point of view of chemical kinetics. Now, among 
those complex salts which possess the oxiding action, there are some 
ones, the molecules of which are asymmetrically constructed, such as 
[Co enz NH;CI{3}] Xe, [Co enz HOCI{] Xe, [Co ene Clef] X, &e. When a certain 
racemic organic compound (preferably polyphenol containing an asymmetric 
carbon atom in the side chain) is put under the action of an optically active 
cobalt complex salt, it will be suggested that the oxidation of the former 
substance proceeds asymmetrically, i.e., one of the d- or l-form is more 
easily oxidised than the other by d- or /-form of cobalt complex salts above 
mentioned. If this is experimentally realised, it will be of no less interest, 


(‘) E. Abderhalden, H. Sickel and H. Ueda, Fermentforschung, 7 (1923), 91. 
(2) E. Fischer and P. Bergell, Ber., 36 (1903), 2592. 
(3) E. Abderhalden and E. Schwab, Fermentforschung, 9 (1927), 252. 


(4) Yuji Shibata and Keita Shibata: On the Oxydase-like Oxidising Action of Certain 
Metallic Complex Salts, Journ. Chem. Soc. Japan, 41 (1920), 35; Chem. Abst., 14 
(1920), 2590. Yuji Shibata and Hideo Kaneko: Chemical Kinetics of Oxidation by the 
Catalytic Action of Some Complex Salts of Metals, Journ. Chem. Soc. Japan, 43 (1922), 
833; Chem. Abst., 17 (1923), 2811. Yuji Shibata and Hideo Kaneko: Decomposition 
of Hydrogen Peroxide by Complex Salts of Metals, Journ. Chem. Soc. Japan, 44 (1923), 
166; Chem. Abst., 17 (1923), 2812. Hideo Kaneko: On the properties of Aqueous 
Solutions of Some Cobalt Complex Salts Which Show the Oxidase-like Actions, Part 1 
and 2, Journ. Chem. Soc. Japan, 48 (1927), 391; 49 (1928), 380. Keita Shibata: The 
Vital Oxidising Reaction, Toyo Gakugei-Zasshi ; Chem. Abst., 16 (1922), 1443. Atsushi 
Watanabe: Uber die vitale Oxydation in den Pflanzenzellen mit den Kobaltammin- 
komplexsalzen, Japan. Journ. Bot., 4 (1928), 31. Atsushi Watanabe: Oxidation of 
Metallic Iodides by Complex Salts of Metals, Journ. Chem. Soc. Japan, 49 (1928), 476. 
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because the further analogy between the behaviours of enzymes and some 
metallic complex salts is thus established and, on the other hand, the sup- 
posed asymmetrical structure of essential molecules of enzymes will be 
revealed on an experimental basis. 

The present investigation of the authors has, as will be briefly described 
below, positively proved that the asymmetric oxidation, as the phenomenon 
is so called by the authors, is really the case, at least in the interaction 
between the substances now studied, namely racemic 3,4-dioxyphenyl- 
alanine as the substance to be oxidised and optically active ammonio-chloro- 
diethylenediamine cobaltic bromide as the oxidiser. 


Experimental.* 


Racemic ammonio-chloro-diethylenediamine cobaltic bromide was first 
synthesised and resolved into optically active components by the method of 
fractional crystallisation of its bromocamphersulfonate™ ; the results of the 
determinations of rotatory powers of the d- and /-components are as follows : 


d [Co en, NHC] -d (CHO BrSOs)2, [a]23° = +68.3° 
l [ ” ] -d ( ” )o, [aly —_ +32.2° 


The d- and /-bromocamphersulfonate were then transformed again into the 
respective bromides by dissolving in hydrobromic acid ; the rotatory powers 
of these bromides were as follows : 


d [Co enz NH;Cl] Bre, [a}!44 = +45.8° 
l [ ” ] 9 [a 0 = — 45.5° 


The racemic 3, 4-dioxyphenyl-alanine® was, on the other hand, synthe- 
sised in starting from glycine anhydride, according to the method given by 
K. Hirai. 


In order to save the materials, the preparations of which are fairly 
laborious and expensive, the authors have only determined in definite time 
intervals, the change of rotatory power of dilute solutions containing the 
reacting substances, without isolating and examining the oxidation products. 
The experiments were carried out in the following manner : 


(1) A. Werner, Ber., 44 (1911), 1887. 


(2) The authors chose at first dioxymandelic acid as the substance to be oxidised, dioxy- 
phenyl-alanine has afterwards been preferred to the former for the sake of its larger 
yield in the syntheses. 

(3) K. Hirai, Biochem. Zeitsch., 114 (1921), 67. 

* One of the authors, Y. Shibata with his collaborators is continuing this work using 
racemic catechin as the substance to be oxidised and at the same time is studying 
chemical kinetics in the case of interaction between both optically active polyphenol, 
such as dioxyphenyl-alanine and catechin, and metallic complex salts. 
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1. To100c.c. of a saturated solution of racemic 3, 4-dioxyphenyl-alanine, 
there were added 25 c.c. of a solution of l-ammonio-chloro-diethylene- 
diamine cobaltic bromide, in which 0.3030 gr. of this complex salt is 
contained, and 5 c.c. of a buffer solution of phosphate (1/5 mol, PH=6.2). 
This solution mixture was put in a thermostat of 20°; 10 c.c. of the solution 
was then taken out from time to time and its rotatory power was observed 
in adding about 2c.c. of acetic acid solution (1 normal), in order to arrest 
the course of the oxidation. The three-field polariscope of Adam-Hilger, 
and the monochromater of Leitz as the light source were used; the obser- 
vations were made with 10 cm. tube in red light. The results of the deter- 
minations are shown in Table 1 and Figure 1: 


Table 1. 


Time (hour) Angle of rotation Time (hour) Angle of rotation 


l 
wad | | 

0.0 ~0.03 | 6.5 —0.05 

0.5 —0.06 8.5 ~0.07 
1.5 ~0.07 10.0 —0.07 
2.0 | —0.08 13.0 —0.07 
2.5 ~ 0.05 17.0 ~0.08 
3.5 —0.04 26.0 +0.02 











4.5 —0.04 | 29.0 40.07 
5.5 —0.08 











Rotation angle. 


ES 


u 6 18 D> 34 26 me] 
—> Time in hour. 
Fig. 1. 


From the above figure, it is easily seen that the solution changes its 
rotatory power in such a manner that in the early stadium of the oxidation 
reaction, the /-rotation increases by and by, and after tracing a somewhat 
irregular course for a while, the /-rotation begins to decrease in its amount, 
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until it reaches to the zero-point; the sign of the rotatory power is then 
changed, the d-rotation being henceforth again increased.* 

2. Racemic 3, 4-dioxyphenyl-alanine: 0.6157 gr. in 200c.c. water; 
l-ammonio-chloro-diethylenediamine cobaltic bromide: 0.4371 gr. in 50 c.c. 
water. The other conditions are similar as in the former experiment. 

In this second experiment, the time interval of the determination of 
rotatory power was considerably shortened, for the purpose of studying 
more closely the part of the time-rotation curve, where there was observed 
some irregularity in the former experiment. The results of this observation 
are given in Table 2 and Fig. 2. 











Table 2. 
| Time (hour) | Angle of rotation Time (hour) | Angle of rotation 
| 
ee wee |-—___— ee sce ieeaseiene 
| 0.0 —0.06 5.0 —0.15 
| 1.0 —0.07 5.5 —0.13 
1.5 —0.09 6.0 —0.11 
2.0 —0.12 6.5 —0.08 
2.5 —0.12 7.0 —0.08 
3.5 —0.15 8.0 —0.09 
4.0 —-0.16 8.5 | —0.14 
| 4.5 —0.17 9.0 —0.16 | 
| 9.0 —0.12 18 | —0.14 
10 | —0.10 | 20 —0.12 | 
| 11 | —0.10 24 | —0.12 
12 —0.12 27 —0.10 
13 —0.15 29 —0.11 
14 —0.14 33 —0.13 
15 --0.11 42 —0.03 
16 —0.11 ~ 45 + 0.02 
17 —0.13 








+012 


+0.08 


+0.04 


0.00 





004 


—0.08 


-0.12 


Rotation angle. 


—0.16 


-0.20 





4 8 12 16 20 24 W@W 32 «36 40 4 48 62 ea) mw 
— Time in hour. 
Fig. 2. 
* A control experiment, in which dioxyphenyl-alanine was omitted, the other condition 


being the same as the experiment above mentioned, showed that the rotatory power of the 
solution stayed constant within 320 hours. 
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By this study, it was shown that the change of the rotatory power of 
the solution begins to take a zig-zag-formed course several hours after since 
the reacting substances were mixed; this zig-zag-shape is then gradually 
flattened until the curve become finally smooth. It appears, anyhow, that 
the general form of the time-rotation curve which is represented by broken 
lines in the figures is almost the same in both cases of the experiments (1) 
and (2).* 

Let us now theoretically consider various possible cases of the interac- 
tion between the substances in question. The following four figures re- 
presenting also the time-rotation curve are given to illustrate the courses of 
those possible reactions: if, for example, the d- and /-components of a 
racemic organic compound are oxidised with an equal easiness by an opti- 
cally active complex salt, say /-salt, and the oxidation product thus formed 
possess no optical activity, the rotation-change of the solution should be 








a d 
oO r) —_—— 
é t 
= _— . 
Fig. 5. Fig. 6. 


represented by the curve in Fig. 3,” while if only the /-component of the 
racemic organic compound is attacked by the /-complex salt, the /-activity 
of the solution will be gradually diminished and after some times the 
solution will become dextro-rotatory due to the unattacked d-component of 


* One more series of observation, similarly arranged as the experiment (2), was carried 
out by the authors, but the results of this measurement were not described here, for the 
data thus obtained were proved to be in good accordance_with those of the former. 


(1) In considering quite theoretically, the curve must be parallel to the zero-line, but, in 
fact, metallic complex salt itself, after some times, gradually undergo a certain change, 
losing its optical activity. 
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the organic compound (curve in Fig. 4), provided that the d-rotation of the 
latter substance is higher than the /-rotation of the complex salt. If, in the 
latter case, a l-rotatory compound, a quinone for example, is produced by 
the oxidation, the l-activity of the solution will be increased by degrees, the 
activity of the oxidation product superposing with that of the oxidising 
agent. The curve of Fig. 5 represents this sort of reaction. Finally, if the 
l-rotatory quinone, just now supposed to be produced, is then decomposed 
by the further oxidation and lose its own activity, the solution will become 
by and by less /-rotatory and finally d-activity will take its appearance, as 
is shown in Fig. 6. 

Now, if the curves (Fig. 1 and 2) which were obtained by the authors 
as the results of the present investigation are compared with those above 
discussed, it may easily be found that the former curves show a close 
resemblance with that of Fig. 6. From this experimental fact, it might 
reasonably be concluded that /-ammonio-chloro-diethylenediamine cobaltic 
bromide oxidises the /-component of racemic 3, 4-dioxyphenyl-alanine more 
easily than its d-component and a /-rotatory substance, probably quinonic 
compound, is intermediately produced. This latter substance undergo 
further oxidation and is transformed into an inactive compound (perhaps by 
a decomposition or polymerisation) thus the solution becomes gradually less 
l-rotatory and finally d-rotatory owing to the remaining d-dioxypheny!]- 
alanine. 


———— SS ge 


Consideration on the Reaction Mechanism. 


As is well known, dioxyphenyl-alanine is oxidised by tyrosinase,” and 
the same enzyme act upon /-tyrosine, giving intermediately /-dioxyphenyl- 
alanine and finally melanine.® Raper explained the mechanism of this 
oxidation reaction as follows :“ 





/\ _CH,—CH—CO.H OH—” \—CH.—CH—CO.H 
— 
OH-. , NH. OH. , NH 
(1) (2) 
0=” \—CH,—CH—CO.H on— 74 \—cE 
> | - > _ > 
O=\ , NH OH-. , CH-CO.H 

NH 
(3) (4) 


(1) H. Prigbaum, Arch. Entwickl. Org., 48 (1921), 140. 
(2). H. S. Raper, Biochem. Journ., 20 (1926), 735. 
(3) Fermentforsch., 9 (1927), 206. 











j A Viscosity Formula for Binary Mixtures 149 
| O=( . CH HO-” > HO-” 

O=\ CH COOH HO-\ ,. , COH HO-.  /-H 
( NH NH NH 
6) 6) (7) 


If the oxidation of racemic 3, 4-dioxyphenyl-alanine by /-ammonio- 
chloro-diethylenediamine bromide follows too the reaction mechanism above 


OH—” S—CH,—CH—CO.H 


stated, the solution should contain d | and 
OH— NH: 
0=7 \—CH.—CH—CO.H VV 
l | in the early stage of the reaction; the 
oe / 7 


quinonic compound will then be further oxidised and, passing (4) and (5), 
lose its activity at (6). The transition of (6)——»(7) will be accompanied by 
separation of carbonic acid and consequently the acidity of the solution 
augments at this moment, resulting temporary retardation of the reaction 
velocity ; the repetition of the latter chemical changes might perhaps be 
regarded as the cause of giving the zig-zag shape in a part of the time- 
rotation curve, as was observed by the authors. 


Inorganic Chemical Laboratory, 
Imperial University, Tokyo. 


A VISCOSITY FORMULA FOR BINARY MIXTURES, THE 
ASSOCIATION DEGREES OF CONSTITUENTS BEING 
TAKEN INTO CONSIDERATION. IIL.” 





By Tetsuya ISHIKAWA. 
Received May 6, 1929. Published June 28, 1929. 
Viscosity and molecular structure. It was discovered by Dunstan and 


Wilson® that the viscosity coefficient and molecular weight of a liquid are 
related by the simple law : 


M=A+ Blog7, 
where M is the molecular weight, A and B are constants depending on the 


(1) The former papers of this series have been published in this Bulletin, 4 (1929), 5 and 25. 
(2) A. E. Dunstan & R. W. Wilson, J. Chem. Soc., 91 (1907), 90. 
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particular series to which the liquid belongs, and 7 is the viscosity coeffi- 
cient. They further noticed that B is almost the same in the various series, 
and has therefore a general nature, A being the specific constant for each 
family. 
A mere transformation of the expression into 
ey EEE ois ise ses dwddndnneeendees (1) 


brings us the following another noticeable result. The experimental data 
applied in the present calculation are quoted from the values obtained by 
Thorpe and Rodger.” 


Paraffins. 
}#°C.| C,H | @ b om. a | b | GHe | a@ | 6b | Cos 


| 0 | 0.00283 | —3.30 | 0.01044 | 0.003965) —3.12 | 0.00835 | 0.00519 | — 3.23 | 0.00940 | 0.00703 
20 | 0.00232 | —3.35 | 0.00996 | 0.00320 | —3.16 | 0.00772 | 0.004105] —3.23 | 0.00838 | 0.00538 
| 30 | 0.00212 | —3.37 | 0.00971 | 0.00290 | —3.18 | 0.00746 | 0.00369 | - 3.24 0.00805 | 0.004785 


| 




















°C. | i—C.Hye | a | b | 1-CR,, | a b | i~Cull 
| ‘= a aN = ee j 
| | | | 
0 | 0.00273 —3.25 | 0.00950 0.00371 | —3.10 0.00778 0.00477 
20 | 0.00223 —3.31 | 0.00919 | 0.00300 | —3.15 | 0.00724 | 0.00379 
30 | 0.00204 ~3.34 | 0.00897 | 0.002725;  —3.17 | 0.00699 | 0.003415 
! ae ; } Se aa, _ — ao . af 
Iodides 
| #C, | CHI a | b *7 C.H,I a | b C;H;I 
| 0 | 0.005945 —3.06 0.00589 | 0.00719 —3.43 | 0.00824 0.00938 
| 20 | 0.00487 —3.10 | 0.00558 | 0.00583 —3.37 | 0.00726 | 0.00737 
| 40 | 0.00409 —3.13 | 0.00521 | 0.00484 —3.34 | 0.00659 | 0.005985 
°C. | i-C,H, | a b i-C,HI =| 
0 | 0.008785 | ~3.53 0.00870 0.011625 
20 0.00690 | —3.38 0.00718 0.00870 
40 | 0.00559 —3.36 0.00654 0.006905 
Monobromides. 
tC. C.H,Br | a b C,H;Br 
0 0.00478 | —3.33 0.00929 0.00645 
20 0.00392 —3.34 0.00857 0.00517 
| 0.00357 | | 


30 


—3.35 


(1) T. E. Thorpe & J. W. Rodger, Phil. Trans., 185 II (1894), 397. 


0.00467 


eee ee VP ee 
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°C. | i-C;H;Br | a r i—C,H.Br | 
| 0 | 0.006045 | ~3.40 0.00958 0.008235 
20 | 0.00482 | —3.39 0.00869 0.00638 
30 0.00435 —3.38 0.00832 0.00569 
Sulphides. 
tC. (CH;).S | a b (C.H;)S 
| 0 0.00364 3.33 | 0.01416 0.00559 
20 0.00293 —3.34 0.01291 0.004445 
30 0.002685 —3.34 0.01243 0.00401 
Fatty alcohols. 
°c. | CH,OH a | 6 |GHOH| a | 6 |n-C,H,OH 
0 0.00813 2.86 | 0.02411 | 0.01770 ~2.87 | 0.02433 | 0.03882 
20 0.00591 —2.92 | 0.02173 | 0.01192 —2.83 | 0.01976 | 0.02255 








40 | 0.004505 —2.95 | 0.01884 0.008275 


| —2.84 0.01635 | 0.01403 





a is regarded to be a universal constant, almost independent of temper- 
ature, while 6 which varies with temperature seems to be a particular 
constant for each homologous series. 

Taking the mean value of a at 20°C. from the above figures, we obtain 
a reduced formula : 


Me OBER SEM ooo ciccceiceccccsveccecss (2) 


Relationship between b and the field-constant k. So far asa can be put 
to be a universal constant for all liquids, the factors which particularize a 
liquid are b and the molecular weight, and therefore b may well be said to 
play a great réle in the molecular constitution of the liquid. 

The writer, in his earlier papers,” defined the field-constant k of a 
liquid which presumably depends on the molecular structure, and evaluated 
those values of more than ten liquids by putting that of CeHs as unity. 

It is the purpose in this paper to find the relationship between k and b 
thus calculated. Two examples are taken below. 

For benzene as we have 7 at 25°C=0.00599, 


log 0.00599 = —3.22 +b x 78.05 
6b of CsHs=0.0128. 


And for water at the same temperature 


(1) This Bulletin, 4 (1929), 5; 4 (1929), 25. 
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log 0.00891 = —3.22+ 6 x 18.02 
b of HOO=0.0649. 


In the writer’s opinion it is not likely to include water into a member of 
alcohol series and benzene into a member of substitutions of CHs;— or other 
groups. 

b of other liquids can be estimated by the same method, the results of 
calculation from the viscosity data at 25°C. being recorded in the following 
table. 


Substance 05° 


CyH,y 0.00599 0.0128 
C,H,CH; 0.00541 0.01035 
CH,COOCH, 0.003594 0.0105 
CHCl, 0.00540 0.00798 
CCl, 0.00883 0.00758 0.63 


Cs. 0.003656 0.0108 : 0.76 
CH,OH 0.00557 0.0302 ; 0.36 
H.O 0.00891 0.0849 0.21 
HCONH, 0.03359 0.0388 0.35 


CH,;COOH 0.01121 0.0212 0.57 


A simple test of comparison between k and 6 relative to that of CsHe 
results in the fact that they are fairly concordant with each other as shown 
in this table. 

As already observed, k or 6b being an important factor which charac- 
terizes a liquid, there may be introduced a ‘‘ hypothetical or ideal liquid ”’ 
which displays no particular nature as any real liquid does. For such liquid 
we may put 6=0 in formula (2), so obtain 

log 7= —3.22=4.78 
or 7=0.00060. 
This values is far less than the viscosity coefficients of all liquids. 

It will also be noticed that the degree of association has no important 
meaning in treating the viscosity of a single liquid. 

The Institute of Physical and Chemical 
Research, Tokyo. 








